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Abstract 
The inclusion of environmental care data in the decision-making process should be 
based on the results obtained after scientifically evaluating different environmental 
variables. Herein, a European landscape geographic model is presented. This landscape 
map would allow the environmental care variable ‘visual landscape’, along with other 
information related to vegetation, geology, soils, cultural variables, etc., to be integrated 
into the planning process. 
The methodology used is not new since it has already been tested in Spain by the 
authors. Nevertheless, the model was adapted to cope with the much more extensive 
territory of the European Union. This meant dealing with computational difficulties, and 
a lack of information. 
The result of this work is a raster map (100 m cell size) that evaluates landscape quality 
in Europe by dividing the area into seven visual quality classes. This is a practical tool 
for territorial development that will facilitate the environmental assessment of plans, 
such as infrastructure plans, within a strategic pan-European framework. 
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INTRODUCTION  
The landscape, defined as ‘an area as perceived by people, whose character is the result 
of the action and interaction of natural and/or human factors’ (Council of Europe, 
2000), must be considered as an environmental resource in land planning processes at 
the national, regional and local level, and needs to be taken into account when designing 
strategies for sustainable development (Meeus, 1995). Frontiers between countries 
within the European Union become diffuse in initiatives involving extensive territories, 
as is the case of the Trans-European Transport Network. At the territorial scale, 
landscape evaluation must take place within a supranational context, using natural rather 
than artificial boundaries. There is therefore growing interest in including landscape 
resources when drafting policies, and in management and planning processes (Tress, 
Tress, Decamps, & D’Hausteserre, 2001; Wascher, 2000) on the European scale, as 
specified in the European Landscape Convention (Council of Europe, 2000). This states 
that there is a need to ‘consider the landscape dimension of international policies and 
programmes’, and dedicates Article 9 to ‘transfrontier landscapes’. Landscape maps 
based on consistent approaches and reliable information are important tools for 
assessment, protection, management, and planning (Mücher, Klijn, Wascher, & 
Schaminée, 2010) 
Visual landscape assessment involves the evaluation of a number of physical, aesthetic, 
and psychological attributes (Cañas, Ayuga, & Ayuga, 2009). The landscape has 
physical reality independent of the observer, and a reality that depends on individual 
perceptions. (Palmer & Hoffman, 2001; Weinstoerffer & Girardin, 2000). 
The objective of this work is to obtain a visual landscape-quality map of Europe, based 
on available data obtained using Geographic Information Systems. In this work, visual 
landscape quality refers to the concept of naturalness; thus a landscape has a high 
quality value when no human influence is visible (Otero Pastor, Casermeiro Martínez, 
Ezquerra Canalejo, & Esparcia Mariño, 2007). The resulting map is a raster dataset that 
divides the territory into seven visual landscape quality classes (Table 1). In the present 
work the evaluation is limited to physical factors, since there is a lack of European-wide 
data on variables related to cultural and individual factors. The methodology used to 
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evaluate landscape quality is not really new since it has already been tested within Spain 
by the authors. Nevertheless, the model was adapted to cope with the much more 
extensive territory of the European Union. The map was created using consistent 
information on the territory. 
Table 1: landscape quality classification 
Intervals Classification
<20 points 
20-32 points 
32-44 points 
44-56 points 
56-68 points 
68-80 points 
>80 points 
Deteriorated landscape 
Poor landscape 
Mediocre landscape 
Fairly good landscape 
Good landscape 
Very good landscape 
Excellent landscape
Source: Otero Pastor et al., 2007 
 
METHODS 
The landscape evaluation method used is based on the geoprocessing method applied by 
Otero Pastor et al. (2007). Here, we use a method in which a hypothetical observer 
evaluates landscape quality for each pixel through examining landscape characteristics 
represented in map overlays. The number of variables used to characterise the landscape 
in this study is limited by the geographic information available, which in the area of 
territory covered by this work consists of the following landscape attributes: 
 Land uses. 
 Forms of terrain. 
 Presence of water. 
 Human activities. 
The information relating to each of these attributes was analysed with Geographic 
Information Systems (GIS), specifically Arc/Info software in raster format, and the 
landscape was evaluated on a cell-by-cell basis.  
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The methodology consists of identifying landscape attributes based on the information 
available on land use and the physiography of the terrain, and then proceeding to 
evaluate each of these elements. Once evaluated they are introduced into the following 
formula: 
௜ܸ ൌ ሾሺ ௜ܷ ∙ ܣ௜ሻ ∙ ௜ܶሿ െ ܪ௜ 
Vi is the landscape evaluation in cell i, Ui is the land use value in this pixel, Ai is the 
value of water presence, Ti is the value of the land forms and Hi the value of human 
activities (Otero Pastor et al., 2007). 
The value of the landscape quality is obtained from the product of the values assigned to 
land uses and forms of terrain. The more natural the land use in the territory and the 
more complex the terrain, the greater the value of the landscape quality. In addition to 
considering land uses and landforms, the evaluation takes into account whether there is 
presence of water, and multiplies the landscape quality by a lower value than the value 
assigned to land uses and landforms, as its presence is more localised. In order to 
include the negative effect of human activity on landscape quality when it is present in 
the territory, the value assigned to this factor is subtracted from the final value of the 
landscape quality. Once the evaluation of the different landscape attributes is complete 
and introduced into the formula, the landscape is divided into seven landscape quality 
classes (Table 1). 
All the GIS information used was obtained from the Corine Land Cover 2000 100 m 
land use map (European Environmental Agency, 2000), and the digital elevation model 
(DEM) used was the SRTM 90 m Digital Elevation Data (CGIAR, 2004). This DEM is 
provided in 5 deg × 5 deg tiles. The available tiles corresponding to Europe were 
downloaded, processed, integrated into the GIS, and re-sampled to a 100 m resolution. 
The cell size selected for the analyses was 100 m. 
The quality of the cartographical analysis improves as the scale increases, but is limited 
by the information available in the data sources. Since landscapes are defined by having 
very diffuse limits, great temporal stability and as occupying large territories, a 
resolution of 100 m was deemed adequate for characterising the territorial variability of 
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the landscape at the European level. The map was represented at a page size which was 
easy to handle. We propose a map in A1 size, this way the whole of Europe can be 
viewed at one time. 
Landscape attributes examined 
Land uses 
To identify the use of the land where the observer is located, we generalised the land 
uses by calculating the mode of the cells in a radius of 5 km around each cell. The 5 km 
radius was selected because this marks the point at which ‘the basic visual elements are 
modified, the colours become paler and more subdued, the lines lose their intensity, and 
the contrasts in texture decrease’ (Aramburu Cifuentes, Escribano, Garcia, & Gonzalez, 
1994). 
The variables associated with each of the land uses are adapted from those in the work 
of Otero Pastor et al. (2007), and are shown in Table 2. The classification of land uses 
corresponding to human activities in the work of Otero Pastor et al. (2007) is not the 
same as the one used by Corine Land Cover 2000. The reclassification and adaptation of 
the values assigned to land uses was based on a panel of 10 experts (landscape 
specialists, engineers and biologists). 
Table 2: value of variable Ui for the different land uses 
Land uses ࢁ࢏ 
Non-irrigated arable land 4 
Permanently irrigated land 4 
Rice fields 5 
Vineyards 6 
Fruit trees and berry plantations 6 
Olive groves 5 
Pastures 5 
Annual crops associated with permanent crops 5 
Complex cultivation patterns 6 
Lands principally occupied by agriculture with significant areas of 
natural vegetation 6 
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Agro-forestry areas 7 
Broad-leaved forest 9 
Coniferous forest 6.5 
Mixed forest 8 
Natural grassland 5 
Moors and heathland 6 
Sclerophyllous vegetation 7 
Transitional woodland scrub 6.5 
 
Land forms 
Physiography has a marked impact on visual landscape quality, and the value of a 
landscape increases with the complexity of the relief forms. Variable Ti has the 
following values, adapted from Otero Pastor et al. (2007): 
 Flat, slope ≤ 3%: Ti = 9.3 
 Undulating, 3% , slope ≤ 10%: Ti = 9.8 
 Hilly, 10% , slope ≤ 20%: Ti = 10.3 
 Mountainous, slope . 20%: Ti = 10.6 
The elevation information used for evaluating the physiography and for calculating the 
slopes was obtained from the SRTM DEM. 
	
Water presence 
According to Otero Pastor et al. (2007) the presence of water improves the quality of the 
landscape, so the value taken for variable A was 1.5.  
Water presence was evaluated in the pixels within a neighbourhood of water bodies. In 
these cells the variable water presence was corrected based on the distance from the 
pixel to the water presence. Pixels near water acquire a greater value than more distant 
pixels.  
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The cartographic information necessary for locating the presence of water was obtained 
from Corine Land Cover 2000. Once the information was extracted from the layer, the 
values of the variable Ai were assigned to the neighbourhood pixels using the following 
curve (Figure 1): 
ܣ௜ ൌ ܽ ൅ ܾ෍ 1݀௞ଶ 
Ai is the value of the variable for water presence for each pixel i, a and b are 
coefficients whose value is adjusted considering that Ai has value 1.5 in the pixel 
nearest to water and value 1 at a distance of 5000 m. dk is the distance from pixel i to 
pixels with water presence (m). 
Human activities 
Human activities have a negative effect on landscape evaluation. The information on the 
presence of human activities was also obtained from the Corine Land Cover 2000 map. 
The land uses for ‘discontinuous industrial fabric’, ‘transport infrastructures and 
associated land’ and ‘mining, construction and dump sites’ were evaluated. Urban areas 
were not evaluated, as there was insufficient information to decide whether to include 
them positively or negatively in the final evaluation. The classification of land uses 
corresponding to human activities in the work of Otero Pastor et al. (2007) is not the 
same as the one used by Corine Land Cover 2000. The reclassification and adaptation of 
the values assigned to land uses was based on the panel of experts noted above. 
The variable values, adapted based on the methodology of Otero Pastor et al. (2007) are: 
 Discontinuous industrial fabric: 14 
 Transport infrastructures and associated land: 11 
 Mining construction and dump sites: 7 
The variable Hi was taken into account within a neighbourhood in a similar way to 
those for water presence: 
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ܪ௜ ൌ ܽ ൅ ܾ෍ 1݀௞ଶ 
Hi is the value of the variable for the presence of human activities for each pixel a and b 
are constants whose value is adjusted considering that Hi, in the pixel nearest the 
presence of human activities takes value 14 in the case of discontinuous industrial 
fabric, 11 in transport infrastructures and 7 in mining, construction and dump sites. In 
the pixel located at a distance of 5000 m, the value of Hi is 0. dk is the distance from 
pixel i to the pixels with human activities presence.  
The curves obtained are presented in Figure 2. 
CONCLUSIONS 
The result of this work is a map that evaluates the quality of landscapes in Europe by 
dividing them into seven visual quality classes. The methodology described allowed us 
to create a landscape quality map for most of the European territory for which 
geographic information is available. The European landscape quality map we obtained 
is lacking data in certain areas because the information on which it was based was 
incomplete. For example, there are no data in the Corine Land Cover version used for 
Switzerland, Norway, Russia, Turkey and the Kosovo region, and there are no elevation 
data above 808 latitude in the SRTM DEM. 
The distribution of the various classes of landscape obtained, expressed as a percentage 
of the total area, is shown in Figure 3. The central classes (mediocre, fairly good and 
good landscapes) represent the largest part of the area, whereas the classes with lower 
landscape quality (deteriorated and poor landscapes) and with high quality (very good 
and excellent landscapes) are less abundant. It is worth noting the predominance of the 
class of ‘mediocre landscapes’ which mainly corresponds to land in farming areas. 
However, the number of classes in the proposed method makes it possible to see on the 
map how the value of landscape quality varies in the case of land uses covering less 
extensive areas, such as the presence of water and human activity, as well as when there 
is variation in the forms of the terrain. 
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This map only deals with the physical component of landscape quality assessment. 
Aesthetic and psychological attributes are difficult to map on the scale of this work, and 
tend to be assessed by means of photographs on a more detailed working scale (Cañas et 
al., 2009). Given the broad geographic extension and the cultural and ecological 
diversity of the territory analysed, it must be understood as a complementary tool which 
should be completed with other information sources – such as artistic, cultural and 
historical – before being applied to the assessment or planning processes. 
SOFTWARE  
ESRI ArcGIS 9.X and ESRI ArcInfoWorkstation were used as the analysis platform for 
this project. ESRI ArcGIS 9.X was used to create the maps. 
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FIGURES	
	
Figure 1: variation of variable Ai based on distance to water presence 
 
 	
 
 
Figure2: Variation of variable Hi based on distance to presence of human activities 
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Figure 3. Percentage of each landscape quality class. 
 
 
